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Description 
TECHNICAL FIELD 

[0001] This invention relates to an apparatus and 5 
method for coupling signals onto a transmission line. It 
has particular application to coupling radio frequency 
(RF) signals onto an electricity distribution network 
which is used to transport telecommunications signals. 

10 

BACKGROUND TO THE INVENTION 

[0002] It is known to transport telecommunications 
signals over an electricity distribution or power transmis- 
sion network. Patent Application WO 94/09572' A1 ts 
(NORWEB) describes such a network. Delivering a tel- 
ecommunications service in this manner is attractive as_ . 
it overcomes one of the greatest costs in providing a new 
telecommunications network i.e. installing cabling to 
each subscriber. Existing electricity distribution cabling 20 
is used to carry the telecommunications signals. 
[0003] Figure 1 shows an electricity distribution net- 
work which is adapted to carry telecommunications sig- 
nals. Mains electricity enters the network from an 11kV 
transmission line 105 and is transformed by substation 25 
100 into a 415V supply which-is delivered-over-cable- ' 
120 to subscribers S. A base, station BS couples tele- 
communications signals V B , such as voice and data sig- 
nals, at injection point 110 onto distribution cable 120. 
The telecommunications signals propagate over the ca- 30 
ble on radio frequency carriers to transceiver units TRX 
at subscriber premises S. 

[0004] One of the problems with transporting RF sig- 
nals over the electricity distribution network is that of un- 
wanted radiation of RF energy. The distribution network 35 
was not designed to carry RF signals. 
[0005] Electricity distribution cables, such as cable 
120, have a concentric structure. The inner section of 
the cable comprises groups of conductors which carry 
one or more of the three supply phases. This inner sec- w 
tion is surrounded by an outer section which is coupled 
to earth. These cables have similar screening properties 
to coaxial cables, and conveniently this screening, cou- 
pled with the underground burial of the cables, is effec- 
tive at the radio frequencies (RF) that are used for trans- 45 
porting telecommunications signals. 
[0006] The internal wiring at subscribers' premises S 
is unscreened, and could potentially cause radiation 
problems. However, by filtering off the RF signals at the 
point where the electricity feeder cable becomes un- so 
screened radiation of RF signals is minimised. 
[0007] The other significant point where radiation can 
occur is at the substations 1 00 where electricity is trans- 
formed from 11kV to 415V. Substations have busbars 
which are typically mounted as a grid array on the sub- 55 
station wall. The busbars are shielded from view but fre- 
quently are electrically unscreened. This is because 
screening is considered unnecessary at the 50Hz mains 


frequency. At RF frequencies the busbar array functions 
as an antenna, radiating the RF signals which it receives 
via the distribution cables into the surrounding area. 
This is undesirable as it causes interference with equip- 
ment operating at these frequencies. This radiation may 
also violate regulations on Electromagnetic Compatibil- 
ity (EMC). 

[0008] One of the solutions to minimise radiation from 
the busbars is to screen the busbar array, or to screen 
the entire substation building. Some modern substa- 
tions are equipped with metal casing around the bus- 
bars. However, the majority of substations are un- 
screened brick structures. It is undesirable to renovate - 
all of these structures to improve their screening as it 
increases the cost of providing a telecommunications 
service over the network. 

[0009] An alternative solution to the radiation problem 
is to restrict the power at which the RF signals are trans- 
mitted over the network, such that radiation occurring at 
substations falls below acceptable limits. This causes 
problems with subscribers' equipment, particularly to 
those subscribers furthest from the point at which RF 
signals are injected onto the network. Subscriber equip- 
ment needs an acceptable signal to interference ratio in 
order to detect the wanted RF signals. With considera- 
ble interference on the network, this demands a reason- 
ably high transmit power. 

[0010] The problem of radiation at the substation is 
compounded by the fact that RF signals are usually in- 
jected onto the distribution network adjacent to the sub- 
station. The reason for injecting at this point is because 
one base station can easily be coupled to each of a 
group of 415V cables (120, 130; 140 in figure 1) which 
all converge at the substation. 
[0011] A paper entitled "Adaptive Interference Can- 
cellation for Power Line Carrier Communication Sys- 
tems" at pp. 49-61 of IEEE Transactions on Power De- 
livery, Vol 6, No 1 , January 1 991 , addresses the problem 
of frequency reuse in a power line carrier system. A por- 
tion of a transmitted signal on a first line section which 
leaks through a line trap onto a second line section is 
cancelled by applying a cancelling signal to the second 
_ line section. 

[0012] DE 2 523 090 describes a directional signal 
generator which controllably propagates in one direction 
along a line. This uses an attenuator network in series 
with the line. 

SUMMARY OF THE INVENTION 

[0013] The present invention seeks to minimise the 
above problem. 

[0014] According to a first aspect of the present inven- 
tion there is provided an apparatus for coupling signals 
to a line, the apparatus comprising: 

an input for receiving a wanted signal; 

a first means for coupling the wanted signal onto 
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the line at a first position; 

a cancelling means, coupled to the input, for deriv- 
ing a cancelling signal from the wanted signal, the 
cancelling means being operable to phase-shift the 
wanted signal; 

a second means for coupling the cancelling signal 
onto the line at a second position, spaced from the 
first position; and wherein the apparatus is arranged 
so that the combination of the phase-shift and prop- 
agation delays experienced by the signals causes 
the wanted signal and the cancelling signal to de- 
structively combine in a single direction of propaga- 
tion along the line while enabling the wanted signal 
to propagate_in_the_other_dire.ction.along_tbeJine, 

[0015] Preferably the cancelling means comprises a 
weight which is operable to scale the wanted signal in 
amplitude. 

[0016] Preferably the spacing of the first and second 
couplers is substantially one quarter of a wavelength of 
the wanted signal. This maximises signal. power in the 
wanted direction of propagation. 
[001 7] Preferably the apparatus also has a monitor for- 
sensing the combination of the wanted and cancelling 
signals at a position on the line and feeding the sensed 
signal to a calculating means whichxontrols the cancel- 
ling means. This allows a more effective cancellation. 
[001 8] The calculating means can perform an iterative 
technique in which perturbations are applied to the value 
of the weights and the sensed signal is monitored to de- 
termine the effect of the perturbations. 
[0019] The calculating means may alternatively per- 
form an iterative, technique in which the sensed signal 
is correlated with a portion of the wanted signal to de- 
termine updated weight values. 
[0020] Preferably the apparatus is used to couple tel- 
ecommunications signals to a power line such as a dis- 
tribution line of an electricity distribution network for 
serving a plurality of subscribers. 
[0021] In the situation where the telecommunications 
signals are coupled onto the electricity distribution net- 
work at a position between an unshielded part of the net- 
work and the subscribers, and the wanted and cancel- 
ling signals destructively combine in the direction of the 
unshielded part, this prevents unwanted radiation of sig- 
nals from the unshielded part of the network. 
[0022] A further application of controlling the direction 
of propagation of signals along the line is in allowing a 
particular frequency band which is in use on one line to 
be reused on the other lines. This has a particular use 
where an electricity distribution network has several dis- 
tribution lines served by a common substation. 
[0023] A further aspect of the invention provides a 
method of coupling signals to a line, the method com" 
prising: 

receiving a wanted signal at an input; 

coupling the wanted signal onto the line at a first 


position; 

deriving, at a cancelling means, which is coupled to 
the input, a cancelling signal from the wanted sig- 
nal, the cancelling means being operable to phase- 

5 shift the wanted signal; 

coupling the cancelling signal onto the line at a sec- 
ond position, spaced from the first position; 
and wherein the combination of the phase-shift and 
propagation delays experienced by the signals is 

10 arranged such that the wanted signal and the can- 
celling signal destructively combine in a single di- 
rection of propagation aiong the line while enabling 
propagation of the wanted signal along the line in • 
the other direction. 

15 

[0024] A further aspect of the invention provides a 
method of coupling communications signals on. to„ an 
electricity distribution network comprising a substation 
serving a plurality of distribution lines, the method com- 
20 prising: 

coupling communications signals occupying a fre- 
quency band to one of the lines by coupling a want- 
ed communications signal onto the line at a first po- 

25 sition and coupling a cancelling signal onto a line at 
a second position, spaced from the first position- 
such that the wanted communications signal and 
cancelling signal destructively combine in a direc- 
tion of propagation towards the substation; and, 

30 - reusing the frequency band for coupling different 
communications signals on to another one of the 
plurality of lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0025] For a better understanding of the invention, 
and to show by way of example how it may be carried 
into effect, embodiments will now be described with ref- 
erence to the accompanying drawings, in which: 

40 

Figure 1 shews an electricity distribution network 
which is adapted to transport telecommunications 
signals; 

Figure 2 shows part of the network of figure 1 in 
45 more detail; 

. Figure 3 shows an arrangement to minimise radia- 
tion from an unscreened part of the network of fig- 
ures 1 and 2; 

Figure 4 describes the operation of the arrange- 
so ment of figure 3; 

Figure 5 shows the arrangement of figure 3 modi- 
fied to include a monitoring circuit; 
Figure 6 shows one form of calculating circuit for 
use in the arrangement of figure 5; 
55 Figure 7 shows an alternative form of calculating cir- 
cuit for use in the arrangement of figure 5; 
Figure 8 shows an improvement to the arrangement 
of figure 5; 
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Figure 9 shows frequency reuse in an electricity dis- 
tribution network. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0026] Referring again to figure 1 , this shows an elec- 
tricity distribution network which transports telecommu- 
nications signals. Figure 2 shows part.of this network in 
more detail. Distribution cable 120 has three separate 
phase lines: Blue, Red and Yellow. Each of the phase 
lines are coupled to a respective busbar in substation 
100. The output of basestation BS is coupled to a three- 
way splitter 210.. Each of the three output lines is cou- 
pled, via a high-pa ssji_ter_unjt 2^to_ajiespective,phase. 
line of cable 120. The mains filter serves to pass only 
signals in the RF bands which are used fottransmission 
of telecommunications signals and to block the flow of 
mains electricity into the basestation. Telecommunica- 
tions signals propagate along cable 120 in two direc- 
tions; towards substation 100 and towards subscribers. 
Signal V B is showaon the blue,phase:line. Jelecommu-. 
nications signals reaching substation. 1 00 radiate RF en- 
ergy 220. 

[0027] Figure 3 shows the same section of the net- 
work as that shown in figure 2, but with modifications to 
minimise propagation of RF signals along cable-120 to- 
wards substation 100. 

[0028] The output of basestation BS is split, as before, 
into a feed for each phase line-The feed for each phase 
line is split into two components; a main component 
V main , and a cancelling component V aux . V main couples 
to cable 120 at position Y via a high-pass filter 200, as 
before. V aux is coupled to cable, 120. at a position X, 
spaced from position Y by a distance d. V aLiX is weighted 
by a weight WB which phase-shifts the signal, and can 
also scale the signal in amplitude. V aux and V main are 
related in phase such that at point X, and in the direction 
towards substation 100, V aux and V main are offset in 
phase by 180° i.e. they are in anti-phase and destruc- 
tively cancel. Therefore, the section of cable between 
point X and the busbars carries no RF signals, or RF 
signals at much reduced levels. Point X could be located 
at the busbars themselves. 

[0029] * Joints at points X and Y should be made using 
the same jointing technique, such that the RF coupling 
characteristics track in amplitude and phase. This gives 
optimum broadband cancelling performance. 
[0030] By appropriate spacing of the main and auxil- 
iary signal feeds, and appropriate phase-shifting at the 
weight, a further advantage can be gained. V majn and 
V aux can be related in phase such that at point Y (and 
along the cable towards subscribers) they are in phase 
i.e. they constructively combine. 
[0031] Typical transmission frequencies are the 
bands 2-6MHz and 10-14MHz. The optimum perform- 
ance, with cancellation in the direction towards the sub- 
station and constructive interference in the direction to- 
wards the subscribers is achieved with the feed spacing 


d=£ and a weighting phase-shift of 180°. The typical lev- 
el at which the main signal can be coupled onto the line 
is 1Vrms. Such a high level may cause radiation prob- 
lems in conventional systems. 

5 [0032] The operation of the system will now be de- 
scribed further with reference to figure 4. Considering 
figure 4 t the delays and phase shifts are arranged such 
that signals injected from the main feed and the auxiliary 
feed, and propagating towards the bus bars from point 

10 X, destructively interfere, but the signals propagating 
along cable 120 away from the bus bars do not destruc- 
tively interfere. By arranging distance d to be approxi- 
mately d=^, the signals propagating in the direction, to- . 
wards the subscribers will be maximised. Cancellation^ 

15 at point X can be achieved for any distance d. At one 
extreme, it is possible to reduce the feed separation dis- 
tance so that both feeds can be coupled to the cable^ 
within a distance which is small enough to fit within a 
section of cable exposed by the digging of a single hole. 

20 [0033] Let us consider the main and auxiliary paths 
from the signal input to point X. When passing through 
the main path, signals undergo delay ^ in the feed ca- 
ble, and delay x 2 propagating through distance d to point . 
X. The auxiliary path is arranged such that the feed de- 

25 lay to point X is equal to x., + x 2 . By setting the weight 

e weight to 9 ive a 180 ° P nase snift » can De seen tnat * 

ideally broadband cancellation between the signals 
propagating along the two paths to X can be achieved. 
In practice the weight value in phase and amplitude can 

30 be adjusted by an adaptive loop to compensate for mis- 
matches between the feed paths. Alternatively, a fixed 
phase shift of 180° and zero attenuation can be set. 
[0034] Now let us consider the main and auxiliary 
paths to point Y. Signals propagating along the main 

35 feed are delayed by x v Signals propagating through the 
auxiliary path are delayed by t 1 + x 2 10 P oint x » ancI bv 
a further x 2 when propagating through distance d to 
point Y, giving a total delay of + 2i 2 . In addition, the 
signals propagating through the auxiliary feed are phase 

40 shifted by 180°. At point Y, therefore, the two compo- 
nents of the input signals are combined, one of which is 
delayed by x-,, and a second component which is de- 
layed by x 1 + 2x 2 , and also phase shifted by 180°. The 
magnitude of the resultant signal will depend on thexar- 

45 rier frequency, with the maximum amplitude occurring 
when the delay 2x 2 produces a phase shift of 1 80°, such 
that when combined with the phase shift through the 
weight a total phase shift of 360° is obtained giving con- 
structive interference. Constructive interference occurs 

so when the phase difference is 0° or a multiple number of 
whole wavelengths. This requires a separation distance 
of d= Hence optimum transmission in the desired di- 
rection will be obtained with separation of d=£, but use- 
ful performance will still be obtainable with other sepa- 

55 rations, except in the extreme case with zero separation. 
[0035] Figure 5 shows the arrangement of figure 3, 
further modified so that it is possible to monitor the suc- 
cess of the cancellation process. 
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[0036], Sensing coils 600, 610, 620 are arranged, one 
per phase line, to detect signals present on the busbar. 
The sensing should preferably be by an inductive coil 
which is wound around the busbar, or laid closely adja- 
cent to it. Sensing is also possible by a capacitive link 
or by one or more antennas located close to the bus- 
bars. 

[0037] Each sensing coil is coupled to a switch 630 
and a weight calculation unit 640. The weight calculation 
unit outputs control signals to each of the weights, W B , 
W R , W Y . Switch 630 allows a single calculation unit to 
be time-shared among the monitoring signals. Calcula- 
tion unit 640 operates to apply weight values which min- 
imise the level of the monitoring signal-detected. by the 
sensing coils. An attenuated signal is adequate for mon- 
itoring, and this allows weakly coupled inductive coils to 
be used._ 

[00,38] While it is preferable to sense at the un- 
screened section of the network where radiation is likely 
to occur, it is also possiblejo„sense_at_another point 
nearer position X, or even at position X itself. However, 
because cable/I 20 is reasonably well screened, another 
fornvof sensing-deviee would be neededrsuch as-a ca- 
pacitive link. 

[0039] The operation of the weight calculation unit 
640 will now be described. There are two main methods 
of calculating weight values; by perturbation and by a 
correlation technique. 

[0040] Figure 6 shows a weight cancelling unit which 
performs the perturbation technique. A monitoring sig- 
nal is applied to a channel filter 700, which passes only 
those frequencies which are of interest (the RF frequen- 
cies which are to be cancelled). A power detector 710, 
shown simply as a diode detector D and capacitor C, 
provide a power measurement which is applied to an 
analogue to digital converter 720. The output of the A- 
D converter is fed to a microprocessor 730 which per- 
forms a perturbation algorithm. The microprocessor out- 
puts a set of weight control signals which control the in- 
phase (I) and quadrature (Q) elements of each weight. 
The perturbation process works by applying steps in the 
size of I and Q weight values and monitoring how that 
affects the cancellation. The algorithm can work by suc- 
cessively changing I up, I down; Q up, Q down. After 
these four steps have been performed the change in I 
or Q which' had the best effect is adopted. This process 
continues until the best cancellation effect is achieved. 
[0041] The second technique for calculating weight 
values is by correlation. This is shown in figure 7. As 
with the perturbation technique, an input from the sens- 
ing coils is applied to a filter, which passes only the band 
of RF frequencies which are of interest. The filtered sig- 
nal is split, by a coupler 740 into in-phase (I) and quad- 
rature (Q) components. This forms the sum component 
(S). A portion of the input signal from the basestation 
BS is split by splitter 780 and fed into a second coupler. 
750 which also splits the signal into I and Q components. 
This forms the element component (E). The two sets of 


I and Q components are fed to a correlator 760. A-D 
converters operate on each of the four inputs to the de-. 
vice. The correlator performs a correlation of the E and 
S components and outputs the result to a microproces- 
5 sor 770 which performs a weight update algorithm. A 
typical algorithm is: 

W (K+ 1) = W K ^E*S 

10 

where E * S is the correlation function. 
[0042] Microprocessor 770 outputs a set of control 
signals to control the value of the weights. This tech- . 
nique, similarly to the perturbation technique, is itera- 
15 tive, and is repeated until the best cancellation is 
achieved. 

[0043] Once the weight values have been set the 
weight calculation process should only need to be re- 
peated periodically. 

20 [0044] Cancellation is most effective at the carrier fre- 
quency where the main and auxiliary signals are exactly-, 
in anti-phase. Moving each side of this frequency the 
cancellation effect will be decreasingly- less-effective,~- 
This is due to imperfections in the tracking over frequen- 

25 cy between the phase and amplitude responses of the 
main and auxiliary channels and due to mismatch in the - 
delay. Preferably the centre frequency of the band is 
chosen as the frequency where cancellation is most ef- 
fective, e.g. 4MHz for the band 2-6MHz. This scheme is 

30 therefore most effective with TDMA systems such as 
DECT, which employ a limited number of time-shared 
carriers. A broader band cancellation is possible by 
modifying the arrangement as shown in figure 8. 
[0045] In figure 8, the signals in the auxiliary path are 

35 split into several portions, which are each delayed by 
differing amounts and separately weighted before re- 
combination. The weights are under the under control 
of the adaptive loop, and adapted in turn in a time- 
shared manner. 

40 [0046] It is proposed to use time division multiple ac- 
cess (TDMA) or time division duplex (TDD) transmission 
schemes such as DECT or CT2. This is because these 
schemes use a single carrier for transmission in both 
the upstream and downstream directions. This simpli- 

45 fies filtering equipment which is needed at the subscrib- 
er premises. It is the downstream transmissions from 
the basestation to subscriber premises which causes ra- 
diation problems because high power RF signals are in- 
jected near to the substation. Upstream transmission 

50 from subscribers to the basestation arrive at the bases- 
tation at low levels which should not cause radiation 
problems. The subscribers located nearest to the bas- 
estation are controlled such that their transceivers trans- 
mit at a lower level compared with other transceivers 

55 located further from the base station. 

[0047] Cancellation is operable during the period 
when the base station is transmitting downstream. Dur- 
ing the basestation receive period, when subscribers 
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transmit upstream, the auxiliary path is not used and the 
basestation receives only via the main path. 
[0048] Alternatively, the auxiliary path can be utilised 
in addition to the main path during the receive cycle. In 
this case, the auxiliary path needs to establish the same 
amplitude and phase response in both receive and 
transmit directions. 

[0049] The effect will be to prevent reception of sig- 
nals from the direction of the bus bars, and to preferen- 
tially receive signals originating from the subscriber on 
cable 120. 

[0050] Transmitting telecommunications signals in 
one direction along a power line has two main applica- 
tions.. Firstly,, by transmitting only. in a^direction away 
from the substation radiation from the substation is min- 
imised. Secondly, by transmitting- only in a direction 
away from the substation, it is possible to reuse the 
same band of frequencies on several power lines. Fig- 
ure 9 shows an electricity distribution network with a 
substation 100 which serves three distribution cables 
120,-130, 140. Each distribution_cablejs served by a 
respective communications base station BS1, BS2, 
BS3rThe common coupling of- cables -1 20 r 130, 140 at 
substation 100 means that telecommunications signals 
from one line, eg line 120, will flow onto the other lines 
130, 140. Coupling-telecommunications signals onto 
each line so that they propagate away from the substa- 
tion, and have a negligible component in the direction 
towards the substation, allows the same frequency band 
to be used by each base station BS1, BS2, BS3. Fre- 
quency reuse may be desirable where traffic demand 
from the subscribers on each line requires a base station 
to serve just that line, but there is only a limited, band of 
frequencies available for power line communication. 
The limit on the band of frequencies for power line com- 
munications may be due to government regulations or 
because it is found that a particular band of frequencies 
offers optimum performance. 

[0051] In figure 9 signals V 1( V 2 , V 3 represent the di- 
rectional transmissions from base stations BS1, BS2, 
BS3 which can each share a common frequency band. 


Claims 

1. Apparatus for coupling signals to a line, the appa- 
ratus comprising: 

an input (110) for receiving a wanted signal; 
a first means (200) for coupling the wanted sig- 
nal onto the line at a first position; 
a cancelling means (W), coupled to the input, 
for deriving a cancelling signal from the wanted 
signal, the cancelling means being operable to 
phase-shift the wanted signal; 
a second means (300) for coupling the cancel- 
ling signal onto the line at a second position, 
spaced from the first position; and wherein the 


apparatus is arranged so that the combination 
of the phase-shift and propagation delays ex- 
perienced by the signals causes the wanted 
signal and the cancelling signal to destructively 
5 combine in a single direction of propagation 

along the line while enabling the wanted signal 
to propagate in the other direction along the 
line. 

10 2. Apparatus according to claim 1 wherein the cancel- 
ling means (W) is operable to scale the wanted sig- 
nal in amplitude. 

3. Apparatus according to claims 1 or 2 wherein the 
15 spacing of the first and second couplers is substan- 
tially one quarter of a wavelength of the wanted sig- 
nal. 

4. Apparatus according to any one of claims 1 to 3 fur- 
20 ther comprising a monitor (600; 610; 620) for sens- 
ing the combination of the wanted and, cancelling 
signals at a position on the line and feeding the 
sensed signal to a.calculating~means~(64Q) which 
controls the cancelling means (W). 

25 

5. Apparatus according to claim 4-wherein the cancel-.-- 
ling means (W) comprises a weight (W Y ; W R ; W B ) 
and the calculating means (640) performs an itera- 
tive technique in which perturbations are applied to 

30 the value of the weight and the sensed signal is 
monitored to determine the effect of the perturba- 
tions. 

6. Apparatus according to claim 5 wherein the calcu- 
35 lating means (640) performs an iterative technique 

in which the sensed signal is correlated with a por- 
tion of the wanted signal to determine updated 
weight values. 

40 7. Apparatus according to any one of the preceding 
claims wherein the line comprises a power line and 
the wanted signal comprises a telecommunications 
signal (V B ). 

45 8. An electricity distribution network for serving a plu- 
rality of subscribers, the network incorporating an 
apparatus according to any one of the preceding 
claims, and wherein the wanted signal comprises a 
telecommunications signal (V B ) which is coupled 

so onto a distribution line (120) of the network. 

9. An electricity distribution network according to claim 
8 wherein the telecommunications signal (V B ) is 
coupled onto the network at a position between an 

55 unshielded part of the network and the subscribers. 

1 0. An electricity distribution network according to claim 
8 or claim 9 wherein the distribution cable (120) 
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comprises a plurality of phase lines, and wherein 
the apparatus for coupling signals is coupled to one 
of the phase lines. 

.11. An electricity distribution network according to claim 
8 or claim 9 wherein the distribution cable (120) 
comprises a plurality of phase lines, and wherein 
there is one apparatus for coupling signals coupled 
to each one of the phase lines, there also being a 
monitor (600; 610; 620) for sensing the combination 
of the wanted and cancelling signals at a position 
on each of the phase lines and a single calculating 
means.(640) which-controls the cancelling means 
. (W), wherein .there, is. a switch (630) which is oper- 
able to selectively connect the sensed signal from 
one of the monitors (600; 610; 620) to the calculat- 
ing means (640). 

12. A method of coupling signals to a line, the method 
comprising: 

receiving a wanted signal at an input (110); 
coupling the-wanted signatonto the line at a first 
position; 

deriving, at a cancelling means (W), which is 
coupled-to the input (110), a cancelling signal 
from the wanted- signal, the cancelling means 
(W) being operable to phase-shift the wanted 
signal; 

coupling the cancelling signal onto the line at a 
second position, spaced from the first position; 

and wherein the combination of the phase-shift and 
propagation delays experienced by the signals is 
arranged such that the wanted signal and the can- 
celling signal destructively combine in a single di- 
rection of propagation along the line while enabling 
propagation of the wanted signal along the line in 
the other direction. 

13. A method according to claim 12 wherein the line 
comprises a power line and the wanted signal com- 
prises a telecommunications signal (V B ). 

14. A method of coupling communications signals on to 
an electricity distribution network comprising a sub- 
station (100) serving a plurality of distribution lines 
(120), the method comprising: 

coupling communications signals occupying a 
frequency band to one of the lines by coupling 
a wanted communications signal onto the line 
at a first position and coupling a cancelling sig- 
nal onto a line at a second position, spaced 
from the first position such that the wanted com- 
munications signal and cancelling signal de- 
structively combine in a direction of propaga- 
tion towards the substation; and, 


reusing the frequency band for coupling differ- 
ent communications signals on to another one 
of the plurality of lines. 

5 

Patentanspruch 

1 . Vorrichtung zum Koppeln von Signalen auf eine Lei- 
tung, wobei die Vorrichtung folgendes umfasst: 

10 

- einen Eingang (110) zum Empfang eines Nutz- 
signals, 

eine erste Einrichtung (200) zqm Koppeln des 
Nutzsignals auf die Leitung an einer ersten Po- 

15 sition, • 

eine Unterdruckungseinrichtung (W), die mit 
dem Eingang gekoppelt ist, urn ein Unterdruk- 
kungssignal aus dem Nutzsignal abzuleiten, 
wobei die Unterdruckungseinrichtung betreib- 

20 bar ist, urn das Nutzsignal in der Phase zu ver- 

schieben, 

eine zweite Einrichtung (300) zum Koppeln des 
Unterdruckungssignals auf die Leitung an einer . 
zweiten Position, die einen Abstand von der er- 
25 sten Position aufweist, 

wobei die Vorrichtung so ausgebildet ist, dass.die 
Kombination der Phasenverschiebung und der 
Ausbreitungsverzogerungen, die auf die Signale 

30 einwirken, eine destruktive Kombination des Nutz- 
signals und des Unterdruckungssignals in einer ein- 
zigen Ausbreitungsrichtung entlang der Leitung 
hervorrufen, wahrend eine Ausbreitung des Nutzsi- 
gnals in der anderen Richtung entlang der Leitung 

35 ermoglicht wird. 

2. Vorrichtung nach Anspruch 1, bei der die Unter- 
druckungseinrichtung (W) betreibbar ist, um die 
Amplitude des Nutzsignals zu skalieren. 

40 

3. Vorrichtung nach Anspruch 1 oder 2, bei der der Ab- 
stand der ersten und zweiten Koppler im wesentli- 
chen eine Viertelwellenlange des Nutzsignals ist. 

45 4. Vorrichtung nach einem der Anspruche 1 bis 3, die 
weiterhin eine Uberwachungseinrichtung (600; 
610; 620) zur Messung der Kombination der Nutz- 
und Unterdruckungssignale an einer Position auf 
der Leitung und zur Zufuhrung des gemessenen Si- 

so gnals an eine Recheneinrichtung (640) umfasst, die 
die Unterdruckungseinrichtung (W) steuert. 

5. Vorrichtung nach Anspruch 4, bei der die Unter- 
druckungseinrichtung (W) eine Bewertung (W Y ; 
55 w R ; W B ) bildet, und die Recheneinrichtung (640) ei- 
ne iterative Technik ausfuhrt, bei der Perturbationen 
auf den Wert der Bewertung angewandt werden, 
wobei das gemessene Signal uberwacht wird, um 
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die Wirkung der Perturbationen zu bestimmen. 

6. Vorrichtung nach Anspruch 5, bei der die Rechen- 
einrichtung (640) eine iterative Technik ausfuhrt, bei 

. der das gemessene Signal mit einem Teil des Nutz- 5 
signals korreliert wird, urn aktualisierte Bewer- 
tungs-Werte zu bestimmen. 

7. Vorrichtung nach einem der vorhergehenden An- 
sprtiche, bei der die Leitung durch eine Stromnetz- 10 
leitung gebildet ist, und bei der das Nutzsignal 
durch ein Telekommunikationssignal (V B ) gebildet 

.-.ist. - 

8. Elektrizitats-Verteilungsnetz zur Versorgung einer *5 
Vielzah! von Teilnehmern, wobei das Netz eine Vor- 
richtung nach einem der vorhergehenden Anspru- 
che beinhaltet, und bei dem das Nutzsignal durch 

ein Telekommunikationssignal (V B ) gebildet ist, das 
. auf eine Verteilungsleitung (120) des Netzes ge- 20 
koppeitist. 

9. Elektrizitats-Verteilungsnetz nach Anspruch 8, bei 
dem das Telekommunikationssignal (V B ) auf das 
Netz an einer Position zwischen einem nicht-abge- 25 
uuriirmten^TeiI<les Netzes und den Teilnehmern ge- 
koppelt ist.. 

10. - Elektrizitatsverteilungsnetz nach Anspruch 8 Oder 

9, bei dem das Verteilungskabel (120) eine Mehr- 30 
zahl von Phasenleitungen umfasst, und bei dem die 
Vorrichtung zum Koppeln von Signalen mit einer 
der Phasenleitungen gekoppeltJst. 

11. Elektrizitatsverteilungsnetz nach Anspruch 8 Oder 35 
9, bei dem das Verteilungskabel (120) eine Mehr- 
zahl von Phasenleitungen umfasst, und bei dem ei- 
ne Vorrichtung zum Koppeln von Signalen mit jeder 
einzeinen der Phasenleitungen gekoppelt ist, wobei 
weiterhin eine Uberwachungseinrichtung (600; 40 
610; 620) zur Messung der Kombination der Nutz- 
und Unterdruckungssignale an einer Position auf 
jeder der Phasenleitungen und eine einzige Re- 
cheneinrichtung (640) vorgesehen ist, die die Un- 
terdruckungseinrichtung (W) steuert, wobei ein 45 
Schalter (630) vorgesehen ist, der so betreibbar ist, 
dass er selektiv das gemessene Signal von einer 
der Uberwachungseinrichtungen (600; 610; 620) 

mit der Recheneinrichtung (640) verbindet. 

50 

12. Verfahren zum Koppeln von Signalen mit einer Lei- 
tung, wobei das Verfahren folgendes umfasst: 

Empfangen eines Nutzsignals an einem Ein- 
gang(110), 55 
Koppeln des Nutzsignals^auf die Leitung an ei- 
ner ersten Position, 

Ableiten eines Unterdruckungssignals von dem 


Nutzsignal an einer Unterdruckungseinrich- 
tung (W), die mit dem Eingang (110) gekoppelt 
ist, wobei die Unterdriickungseinrichtung (W) 
zur Phasenverschiebung des Nutzsignals be- 
treibbar ist, 

Koppeln des Unterdruckungssignals auf die 
Leitung an einer zweiten Position, die einen Ab- 
stand von der ersten Position aufweist, 

wobei die Kombination der Phasenverschiebung 
und der Ausbreitungsverzogerungen, die auf die Si- 
gnale einwirkt derart ausgebildet ist, dass das Nutz- 
signal und das Unterdruckungssignal sich destruk: 
tiv in einer einzigen Ausbreitungsrichtung entlang 
der Leitung kombinieren, wahrend eine Ausbrei- 
tung des Nutzsignals entlang der Leitung in der an- 
deren Richtung ermoglichtwird. 

13. Verfahren nach Anspruch 12, bei dem die Leitung 
durch eine Stromnetzleitung gebildet ist, und bei 
dem das Nutzsignal durch ein Telekommunikations- 
signal V B gebildet ist.-.. 

14. Verfahren zum Koppeln von Kommunikationssigna- 
len auf ein Elektrizitats-Verteilungsnetz, das eine 
Unterstation (100) aufweist; die eine- Vielzahl. von.- 
Verteilungsleitungen (120) bedient, wobei das Ver- 
fahren folgendes umfasst:-^ 

Koppeln von Kommunikationssignalen, die ein 
Frequenzband belegen, mit einer der Leitun- 
gen durch Koppeln eines Nutzkommunikati- 
onssignals auf die Leitung an einer ersten Po- 
sition und durch Koppeln eines Unterdruk- 
kungssignals auf eine Leitung an einer zweiten 
Position, die einen Abstand von der ersten Po- 
sition derart aufweist, dass sich eine destrukti- 
ve Kombination des Nutz-Kommunikationssi- 
gnals und des Unterdrukkungssignals in einer 
Ausbreitungsrichtung in Richtung auf die Un- 
terstation ergibt, und 

erneutes Verwenden des Frequenzbandes 
zum Koppeln unterschiedlicher Kommunikati- 
onssignale an eine~andere~derMehrzahl~der~ 
Leitungen. 


Revendi cations 

1. Dispositif pour coupler des signaux sur une ligne, 
le dispositif comportant : 

une entree (110) pour recevoir un signal voulu, 
des premiers moyens (200) pour coupler le si- 
gnal voulu sur la ligne a une premiere position, 
des moyens d'annulation (W), couples a Pen- 
tree, pour deriver un signal d'annulation a partir 
du signal voulu, les moyens d'annulation etant 
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operationnels pour dephaser le signal voulu, 
des seconds moyens (300) pour coupler le si- 
gnal d'annulation sur la ligne a une seconde po- 
sition, espacee de la premiere position, 

5 

et dans lequel le dispositif est concu de sorte 
que la combinaison du dephasage et des retards 
de propagation subis par les signaux amene le si- 
gnal voulu et le signal d'annulation a se combiner 
de maniere destructrice dans une direction unique 10 
de propagation le long de la ligne tout en permettant 
au signal voulu de se propager dans I'autre direction 
le long de la ligne. 

2. Dispositif selon la revendication 1 , dans lequel les * 5 
moyens-d'annulation (W) sont operationnels pour 
mettre a Pechelle le signal voulu en termes d'ampli- 
tude, 

3..,. DispositiiseLoiLla.reyendication 1 ou 2, dans lequel 20 
• Tespacement des premier et second coupleurs est 
pratiquement egal a un quart d'une longueur d'onde 
du signal voulu. 

4. Dispositif selon Tune quelconque des revendica- 25 
iions 1 a 3, comportanTde plus un dispositif de sur- 
veillance (600 ; 610 ; 620) pour detecter la combi- 
naison des signaux voulu et d'annulation a une po- 
sition sur la ligneet alimenter le signal detecte dans 
des moyens de calcul (640) qui commandent les 30 
moyens d'annulation (W). 

5. Dispositif selon la revendication 4, dans lequel les 
moyens d'annulation (W) comportent un poids 
(W Y ; W R ; W B ) et les moyens de calcul (640) effec- 35 
tuent une technique iterative dans laquelle des per- 
turbations sont appliquees a la valeur du poids et le 
signal detecte est surveille pour determiner I'effet 
des perturbations. 

40 

6. Dispositif seion la revendication 5, dans lequel les 
moyens de calcul (640) effectuent une technique 
iterative dansJaquelle le signal detecte est correle 
a une partie du signal voulu pour determiner des 
valeurs de poids mises a jour. 45 

7. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel la ligne comporte 
une ligne de puissance et le signal voulu comporte 

un signal de telecommunications (V B ). so 

8. Reseau de distribution d'electricite pour desservir 
• une pluralite d'abonnes, le reseau comportant un 

dispositif selon I'une quelconque des revendica- 
tions precedentes, et dans lequel le signal voulu 55 
comporte un signal de telecommunications (V B ) qui 
est couple sur une ligne de distribution (120) du re- 
seau. 


9. Reseau de distribution d'electricite selon la reven- 
dication 8, dans lequel le signal de telecommunica- 
tions (V B ) est couple sur le reseau a une position 
comprise entre une partie non-protegee du reseau 
et les abonnes. 

10. Reseau de distribution d'electricite selon la reven- 
dication 8 ou 9, dans lequel le cable de distribution 
(120) comporte une pluralite de lignes de phase, et 
dans lequel le dispositif pour coupler des signaux 
est couple a Tune des lignes de phase. 

11. Reseau de distribution d'electricite selon la.reven- 
dication 8 .o.uA_daasJe.queJiej;_^^ ... . 
(120) comporte une pluralite de lignes de phase, et 
dans lequel est agence un dispos it if- pour- coupler 

des signaux couples a chaque ligne parmi les lignes 
de phase, sont agences egalement un dispositif de 
surveillance (600 ; 610 ; 620) pour detecter la com- 
binaison des signaux voulu et d'annulation a une 

position sur chacune.desjignes~de phasei.et.des 

moyens de calcul uniques (640) qui commandent 
les moyens d'annulation (W) , dans lequel estagen-- 
ce un commutateur (630) qui est opecationnel pour 
connecter de maniere selective le signal detecte 
provenantd'un des dispositifsde surveillance (600- ; 
610 ; 620) aux moyens de calcul (640). 

12. Procede pour coupler des signaux sur une ligne, le 
precede comportant les etapes consistant a : 

recevoir un signal voulu au niveau d'une entree 
(110), 

coupler le signal voulu sur la ligne a une pre- 
miere position (110), 
- deriver, au niveau de moyens d'annulation (W), 
qui sont couples a I'entree (110), un signal d'an- 
nulation a partir du signal voulu, les moyens 
d'annulation (W) etant operationnels pour de- 
phaser le signal voulu, 

coupler le signal d'annulation sur la ligne a une 
seconde position, espacee de la premiere po- 
sition, 

et dans lequel la combinaison du de- 
phasage et des retards de propagation subis 
par les signaux est congue de sorte que le si- 
gnal voulu et le signal d'annulation se combi- 
nent de maniere destructrice dans une direc- 
tion unique de propagation le long de la ligne 
tout en permettant une propagation du signal 
voulu le long de la ligne dans I'autre direction. 

13. Procede selon la revendication 12, dans lequel la 
ligne comporte une ligne de puissance~et le signal' 
voulu comporte un signal de telecommunications 
(V B ). 

14. Procede pour coupler des signaux de communica- 
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tions sur un r6seau de distribution d'electricite com- 
porta nt une sous-station (100) desservant une plu- 
ral ite de lignes de distribution (120), le procede 
com porta nt les eta pes consistant a : 

5 

coupler des signaux de communications occu- 
pant une bande de frequences sur une des li- 
gnes en couplant un signal de communications 
voulu sur la ligne a une premiere position et en 
couplant un signal d'annulation sur une ligne a 10 
une seconde position, espacee de la premiere 
position, de sorte que le signal de communica- 
tions^ voulu et le signal d'annulation se combi- 
nent demaniere destructrice dans une direc- 
tion de propagation vers la sous-station, et 15 
- - reutiliser la bande de frequences pour coupler 
differents signaux de communications sur une 
autre ligne de la pluralite de lignes. 

20 
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